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Summary

Since B-aminoethylphosphonic acid was discovered in the living organism, the biosynthesis and biological
function of aminophosphonic acids have been extensively studied.

The purpose of this project consists in the two parts: 1)the preparation of DL-l-amino-2-phenylethylp-
hosphonic acid (Phenylalanine aminophosphonic acid) and DL-l-amino-3-methylbutyl-phosphonic acid (Isol~
«eucine aminophosphonic acid) by the method of Chamber and Isbell. 2) the study of metabolism and
bioclogical functions of those synthetic materials by the animal experiment (white rats)

The importance of this project proved to be the first experience fed by animals for the elucidation of
biochemical and metabolic functions in the animal body.

The following organic synthesis of DL-l-amino-3-methylbutylphosphonic acid and DL-l-amino-2-phenylet-
hylphosphonic acid are studied.
1)Synthesis of DL-l-amino-3-methylbutylphosphonic acid

a) Synthesis of Iso-butylbromide

b) Synthesis of Ethyl iso-butylmalonate

) Synthesis of Iso-caproic acid

d) Synthesis of Ethyl-a-bromo iso-caproate

e) Synthesis of Triethyl-a-phosphono iso-caproate

f) Synthesis of DL-l-amino-3-methylbutylphosphonic acid
2)Synthesis of DL-l-amino-2-phenylethylphosphonic acid

a) Synthesis of Diethyl phosphite

b) Synthesis of Ethylchloro acetate

) Synthesis of Triethyl phospho acetate

d) Synthesis of Triethyl benzyl phospho acetate

e) Synthesis of DL-l-amino-2-phenylethylphosphonic acid

The synthetic compounds; DL-l-amino-3-methylbutylphosphonic acid and DL-l-amino-2-phenyl ethylphos-
phonic acid which are essential amino acid (isoleucine, phenylalanine)analogue are supplemented to the an-
imal diet at the level of 0.2% and 0.4% for isoleucine analogue and 0.35% and 0.7% for phenylalanine

analogue.

The plain isoleucine and phenylalanine at the same level in the diet are fercilitated as comparable groups
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in this study.

Two sets of experience including 100 male rats were carried out for seven weeks each total 14 weeks.

During this period, urine samples, and each big organs were coilected for the analysis of total nitrogen,

phosphorus, and glycogen contents in the individual samples by Micro Kjeldahl'® Fisk & Subbarow'®

and Nelson Somogye', ' method.
1) The result of the project

a) The yield of DL-l-amino-3-methylbutylphosphonic acid and DL-l-amino-2-phenylethylphosphonic acid
showed low tendency at the level of 12.5% and 20% Melting point of those two compounds were

very high and the a-amino group in the synthetic compounds showed positive reaction with ninhyd-

rin in the violet color.

b) All the experimental groups included in this study revealed statistically no significant difference in

the organ weight, total body nitrogen retention and urinary phosphorus excretion This means isoleu-~

cine aminophosphonic acid and Phenylalanine aminophosphonic acid were utilized in the body as

much as the plain amino acids, isoleucine and phenylalanine did.

¢) The glycogen contents in the liver of the phenylalaine aminophosphonic acid gruop showed higher

statistically significant(p>>0.05) in the comparision with the group of the Phenylalanine and the

Standard-2.

It was noteworthy that the higher glycogen content in the liver might indicate the significance in

the incorporation of phenylalanine aminophosphonic acid into the intermediate of tricarboxylic acid

cycle as activated state.
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Group © diet AL+ HE T No.
A-1 Sugar-cagein20 % + D, L-1-Amino-3-methylbutylphosphonic acid 0.2% 10=}2]
B1 Sugar-Casein 20 % +D. L-1-Amino-3-methylbutylphosphonic acid 0.4 % ”
C-1 Sugar-Casein 20% + Isoleucine 0.29% ”
D-1 Sugar-Casein 20 % + Isoleucine 0. 4% ”
Standard-1 Sugar-Casein 20% diet ”
H2 4 8 F EF T A &
Group diet A2 +H 75 T8 No.
A-2 Sugar-Casein 20 % +D. L-1-Amino-2-phenylethylphosphonic acid 0. 35% 1078}
B-2 Sugar-Casein 20% +D, L-1-Amino-2-phenylethylphosphonic acid 0.7% "
C-2 Sugar-Caseip20 % +0. 35% Phenylalanine #
D-2 Sugar-Casein20 % +0. 7% Phenylalanine ”
Standard-2 Sugar-Casein20 % diet "
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HS3 Organs Weight(7]1A)

organ group A—1 B—1 C—1 D—1 Standard-1
liver 10. 25+0. 41 9.710.66 11.134:0.43 10.66+0.43 | 11.29%0.71
spleen 0.56554-0.041 | 0.5744+0.033 | 0.7726:0.034 | 0.66223-0.034 | 0.6880+0.040
heart 0.7653-£0.032 | 0.7816+0.032 | 0.7899£0.031 | 0.72214:0.022 | 0.7747£0.022
kidneys 1.97194-0.043 | 1.9169+0.076 | 2.0934:0.030 | 1.9650--0.053 | 2.0214+0.098
adrenals 0.034740.001 | 0.0364+0.004 | 0.0312+£0.003 | 0.03110.003 | 0.031670.005
brain 1.181440.05 | 1.176140.03 | 1.22322+0.03 | 1.26240.02 | 1.1529+£0.03
sex organs 1.9719+0.15 | 1.9169+0.20 | 2.0251+0.07 | 1.9329-0.07 | 2.0314+0.05
E4 Organs Weight (71 53-A])

group . _ _

organ A—2 B—2 C—2 D-—2 Standard-2
liver 11.920. 85 11.840.65 12.140. 36 12.0340. 34 10, 40. 44
spleen 0.5454+0.049 | 0.5657+0.056 { 0.578720.039 | 0.594840.033 | 0.6537%0.041
heart 0.8276-50.027 | 0.8079+0.044 | 0.8594+0.022 | 0.8564+0.028 | 0.80540.020
kidneys 1.9394-+0.100 | 1.91162-0.098 | 1.9743+0.049 | 2.0384-+0.038 | 1.7539+0.014
adrenals 0.0352--0.003 | 0.031220.002 ; 0.037320.002 | 0.04130.002 | 0.0358%0.001
brain 1.1848-£0.03 | 1.2136+0.03 | 1.160540.01 | -1.2093:£0.01 | 1.149740.02
sex organs 1.84154-0.10 | 1.9431+0.10 | 2.0139+0.05 | 1.8197+0.09 | 1.8187+£0.05
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ne aminophosphonic acid¥ Phenylalanine aminopho-
sphonic acid A 7F= <13 AW unbalanced = 3}X]
ory ¢ o™ Isoleucine aminophosphonic acid R=H=
Phenylalanine aminophosphonic acid #7474 W A
& 19g9 2t o B ZAE S B F
i

% P urine WAZ &R gy AAAZL F
okql 28]e] A F/HE nylem IV TLEF
ql 33]ell = okzs] &R FE BYAW 4 2
vhokgl ol 8 B Fgivh

B 74 2 FE akze]
osphonic acid #HFFC(A-1,B-1A md H%

3

Isoleucine aminoph-

Ealq 28ldl = W] SR wo] A B
130 B 2 W Aa%e ungurb A7) Bl
Bofl = 74T 39

Isoleucine & 7F#(C-1.D-Dll YA A& A 7471 2
Eolo] v} Ak T FlE & WEFE o)A g3
A+t

28 8 oA By ubsh el Phenylalanine-
aminophosphonic acid % 7+ (A-2,B-2)¢] 1} Phenyl-
alanine AAZ(C-2D-DAAE 2% P w43
dr AAF Aol g JeklA dx et

A7} 77 £kl 234 Phenylalanine aminophosp
h-onic acid(A-2,B-2)v} Phenylalanine R /42(C-2,
D,-2)el glel ekzte] 7HE Helxie glovt A7RA)
A B sslele o o] Fadte Ao U
yet
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ol &5 gl FlFel & 4 3k
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HS AW A& 2fE (%
w A—1 B—1 C—1 D—'l Standard-1
1 3 62.23+7.76 64. 49+ 3. 66 56, 785. 33 57.2545. 31 60. 824,77 "
2 3 67.002. 85 51.69+6.71 52, 43:6. 72 55, 90 3. 65 60. 36+2. 42
3 g 62. 83+5.07 62.04+£10.71 | 59.35%7.02 52. 8946. 02 63.98+3.86
E6 AW AL 2HE (%)
) group A—2 B—2 C—2 D—2 Standard-2
T—
1 3 59.17+2. 69 59, 19-+3. 10 59, 93:-2. 94 59, 7042, 88 54,13+1.55
2 b 58.69+3.51 58.22+4.15 57.98+3. 38 57.59+4, 01 58, 73+3. 57
3 ] 64.15+3.24 68.67+2.15 60. 06:2. 24 60. 35+4. 40 59, 82+3. 39
T7 & 53 P w4 w(mg/day)
T Growp A—1 B—1 c—1 D—1 Standard-1
1 3| 15.85+1.669 | 14.724+1.119 | 17.87%1.244 | 17.98+1.299 | 17.5241.148
2 3 22.76+1.729 | 27.88+1.875 | 17.12+1.576 | 22.30+1.481 | 22.42+0.982
3 3 24.2441.744 | 21.90+1.827 | 21.3541.587 | 21.08+1.720 | 25.52%1,982
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HS8 =& 5§ P ¥4 #F(mg/day)
I I C—2 D—2 Standard-2
14 18.70+1.93 | 18.1941.35 | 18.98£1.38 | 16234111 | 20.2%1.04
9] 10064153 | 18.5042.40 | 21.4641.67 | 20.89£2.05 | 16.89+2.50
3 17755110 | 1803111 | 22634122 | 17.69%2.25 | 19.83%1.68
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7+ %2 e Inorganic P9} protein] &k (mg/lg fresh liver tissue)

A—1 1 B—1

| o |

D—1 l Standard—1
Total phosphorous | 0. 0658=-0. 0036 \ 0. 06881-0. 0047 | 0.0427+0.0041 | 0. 0581=+0. 0064 ‘ 0.06820.0072
Protein 129.04£2.7 ‘ 130.69+2.6 127.37x=3.0 135,471+5.6 & 127.19+2.6
H 10 7t 27

gin 1

W 2] Inorganic P9} protein®] &% (mg/lg fresh liver tissue)

A—2 | B2 | c—2 | D—2 ’ Standard—2
Total phosphorous | 0.09010. 0084 | 0. 06997 0. 0061 0.0903720.0074 0.11067+0. 0040| 0. 08953::0. 0056
Protein 105.19+3.1 110.89+3. 2 110.644+1.2 | 112.64+4.9 112.774+2.6
Eun 7+ =AW Glycogen §&3F (mg/lg fresh liver tissue)
h | a— | B | o2 | D | Standard—1
Glycogen | 32.4127.03 | 27.02:55.93 | 26.76+5.75 | 10.36+2.51 l 11.2744.02
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Phenylalanine)d 7}-e] glol A & Rr]9 Fi), &
AL L 258, 223 SRy Agsl Qoek, 1§
2E 5% 49 wdged Fdgd Z HolF RolA ¢
steh. o] = ¥.o}i] Phenylalanine Aminophosphonic
acid1} Isoleucine aminophosphonic acidz} ¥} 3.5 o}
v 2= 21¢l Isoleucineo] 1} Phenylalanineo] 2] ¢k 2]
el A olggel walgeh

@ 28]} Phenylalanine aminophosphonic acid =
bl 71e] glycogen e gl 4 Phenylalanine
A HEs Standard 3 ¥ w3 B kgl Egon o
= FAAY F949E Jebd = C0.05)

o] Phenylalsnine Aminophosphonic Acid7} ac-
tive statez4] zZhWel]l Al 4Al o} &350} A Tricarbox
ylic cycle8) intermediate 2. incorpbratesl‘f- Ao

S

References

1) Ackermann B. and R.H. Chalclerk:/J. Amer..
Soc. 79, 6524(1957)

2) Chamber J.R.and A.F, Isbell,J. Org. Chem.
29, 832(1964)

3) Gilman H. and A.H. Blatt, [6id.p. 250

4) Gilman H,and A, H. Blatt. Organic Synthesis,
2nd edz'tion, Coll. Val. 1Johrn Wiley and Sons,
Ind. N.Y.U.S.A(1956) p. 27

5) Horiguchi, M., and M. Kandatsy, Nature, 18
4;901(1959%)

6) IshelLA.F., Abstr. Tth Intn,l Congress. of
Biochem. 448(1967)

7) Kandatsu, M. ,M., Tamari, and M. Horiguchi,
Ann. Meeting Agri’c. Chem. Soc. Japan., 40/
(1964)

8) Kim, Sook He,and Jung Nam Cho. The Korean
Journal of Nutrition Vol. 2, No. 4, p. 173(1959)

9 Kittridge,J.S. and R, R.Hughes, Biochemistry
3;991(1964)

10) Kittridge,J. S., E,Rabrert and D.C. Simonsen
Biochem. 13624 (1962)

11) Nelson, J. of Biochemistry Vol. 158;375(1944)

12) Olarte,  Jarge, Ciencia(mex), 17;71(1957)
Chem. Abstr. 52;8281a(1958)

13) Oser, Hawk’s physiological Chemistr y 14th
ed.p.1081 Mcgraw-hill Book Co,

14) Quin, L.D., Biochemistry, 4;324(1965)

15) Rosenberg, H., Chi-Rong Liang and Julia M.
La. Nauze, Abstr. 7th Intn’l Congress of Bio~
cem., 451(1967)

16) Ryzhkav,V.L., M.L Kabachnick, L.M. Ta-
rasevich, T. Ya., Medved, N. A., Zeithenok,
N. K, Marchenko, V.A., Vagzhanava, E.F.
Ulanava and N.V. Cheleurkina Doklady Akad,
Nauk, S.S.S.R.,) 98;849(1954), Chem. Ab
str. 49:3404 b(1055)

17) Schotten C. Ber,. 17, 2544(1884)

18) Somogye, Biochemistry Vol. 160;62(1945)

19) Thayer, J.D., H.J. Magnuson and M.S. G-
oravatt, Authiotics and chemotherapy. 3;256
(1953)Chem. . Abstr. 47;10056 £(1953)

— 46 —



